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a\ (54) Title: METHOD AND APPARATUS FOR DIRECTING CONSITTUENTS THROUGH A PROCESSING CHAMBER 

O 

^ (57) Ab^ract: A ni^hod and apparatus for directing a process gas through a processing apparatus, such as a vapor deposition 
^ chambra-. Hie apparatus comprises a pumping plate for a processing chamber having an annular body member wherein said body 
member has a first pcHb'on and a second defining a circumferential edge and a caitral qiening. Hie first potion comprises a sidewall 
O of the drcomfiNential edge having a plurality of ciicumferentially spaced through botes and the second portion con^nises a lateral 
^ portion that protmdes from die drcumfecential edge, sucb that, in a processing cbanibet, the first portioa defines a first ^ flow 
^ regicMi comprising the coitial opening and a second gas flow i^i<Hi comprising the lateral portion of the second portion. 
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METHOD AND APPARATUS FOR DIRECTING CONSTITUENTS 
THROUGH A PROCESSING CHAMBER 

Field of the Invention 

The inventiott relates to the &bdcaticai of integrated circuits. More particularly, 
the invention provides a method and ^paratus for directing process gas through a 
processing chamber. 

Background 

High density integrated circuits, such as very large scale integration (VLSI) 
devices, are typically formed on semiconductor wafers by subjecting the wafers to a 
number of deposition, masking, doping and etching processes. The wafers are placed 
onto a ped^tal or susceptor within a process chamber and process gas(es) are delivered 
into the chamber onto the -wafer to perform the various deposition and etching steps. 
For example, one typical process involves delivering SiJLi and N2 into the process 
chamber while applying resistive or conductive heat to form silicon nitride on the 
wafer. Once the appropriate layer of silicon nitride is deposited onto the wafer, the 
remaining plasma and gas residue are withdrawn from the process chamber. 

One consideration in semiconductor processing is the application of process 
gases in a imiform and controlled inanneracit>ss the wafer's entire sud^ This 
consideration is important in the &brication of laige scale integration (LSI) and VLSI 
devices since a large number of processing steps are generally used in sequence. To 
achieve uniform proces^ng, existing systems typically introduce gases into the process 
chamber through a perforated face plate having a plurality of small openings for 
distributing the gas over the wafer. After the etching or deposition step has been 
completed, gas residue is wthdrawn from the process chamber by a suitable vacuum 
source» such as a pump. To facilitate uniform pumping dynamics, the process gases 
will typically be discharged throi^ a number of circumfeientiaUy spaced ^ inlets in 
a pumping plate surrounding &e susc^itor. The gases are then delivered through 
outlets in the pumping plate into a pumping channel disposed radially outward from 
and underneath the suscqptor. 

Many existing systems for directing process gas through semiconductor process 
chambers suffer from a number of drawbacks. For example, one known device 

\ 



wo 01/04937 



PCTAJSOO/40340 



comprises a pumping plate that has a flange that surrounds a pumping plate with six 
holes. The pressure drop on the various sides of the pumping plate may be the same 
but the pressure drop from the top and the bottom of the pumping plate are different 
because the gas holes are restricted by the flange. This How path tends to have varying 
pressure drops between the pumpitig plate and the chamber, thereby disrupting the 
unifonn discharge of the gases about the wafer. 

It is desirable to have methods and apparatuses for directing gas(es) through a 
process djamber that provide improved deposition uniformity. 

SUMMARY 

Methods and apparatuses are provided for directing constituents through a 
processing s^paiatus, such as a vapor deposition chamber. In one aspect, a claimed 
apparatus ccoxqirises a pumping plate for a processing chamber having an annular body 
member wherein said body member has a first portion and a second defining a 
circumferential edge and a central op^iing. The first portion comprises a sidewall of 
the circumferential edge having a plurality of circumferentially spaced through holes 
and the second portion has comprises a lateral portion that protrudes from the 
circumferential edge« such that, in a processing chamber^ the first portion defines a &st 
gas flow region comprising the central opening and a second gas flow region 
comprising the lateral portion of the second portion. By defining two flow regions, the 
clmmed punning plate establishes a more uniform flow of gas inside a processing 
chamber over prior art structures which contributes to in^roved uniformity of iQlm 
deposition on a substrate. 

In another aspect, a vapor deposition processing apparatus includes an enclosure 
housing a process chamber and a susceptor disposed within the processing chamber for 
supporting a semiconductor wafer. The apparatus further includes a chamber lid and a 
perforated &ce plate for imifixrmly distributing process gases into the chamber onto the 
vvafer. In this embodiment, the pumping plate has an annular body with an opening 
fteretfarough with a longitudinal component and a lateral component extending away 
from the opening and havir^ a plurality of through holes circumferentially spaced 
about an axis along longitudinal component The pumping plate is displaced in the 
chamber such that an area through the opening in the pumping plate defines a first flow 
region over a surface of the susceptor and the longitudinal component and the wail of 



2 



woo J/04937 



PCT/USOO/40340 



the chamber define a channel of a second flow region. The defined flow re^ons 
contribute to more uniforra deposition of fibns than prior art configurations. 

Other aspects, features and advantages of the invention will be apparent from 
the accompanying drawings and from the detailed description that follows below. 

BRIEF DESCRIFTTON OF THE DRAWINGS 

The invention is illustiated by way of example and not by way of limitation in 
the figures of the accompanying drawings in winch Bke references indicate similar 
elements. 

Figure 1 shows cross-sectional side views of a processing chamber comprising 
a resistive heater in a "wafer proce^" position in accordance wi& an embodiment of 
the invention through a first cross-section and a section cross-section each through one- 
half of the chamber. 

Figure 2 shows similar cioss-sectionai side views as in Figure 1 in a wafer- 
separate position. 

Figure 3 shows similar cross-sectional side views as in Figure 1 in a wafer- 
load position. 

Figure 4 shows another cross-sectional side view of a portion of a processing 
chamber position in accordance with an embodiment of the invention. 

Figure 5 shows yet another cross-sectional side view of a portion of a 
processing chamber position in accordance with an ^bodiment of the invention. 

Fj^nre 6 shows a top perspective view of a portion of a processix^ chamber 
with the chamb^ lid i^noved in accordance wi& an embodiment of the invention. 

Figure 7 shows a top perspective view of a pumping plate in accordance with 
an embodiment of the invention. 

F^ure 8 shows a cross-sectional side view of a pumping plate in accordance 
with an embodiment of the invention. 

F^re 9 shows a top plan view of a pumping plate in accordance with an 
embodimirait of the invention. 

Figure 10 shows a bottom plan view of a pumpiiig plate in accordance with an 
embodiment of the invention. 

Figure 11 shows a cross-sectional side view of portion of a pumping plate in 
accordance with an embodiment of the invention. 
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Figure 12 shows side plan view of a portion of a pumping plate having a single 
gas hole plate in accordance with an embodiment of ^e invention. 

Figure 13 shows a top plan view of a blocker plate in accordance with an 
embodiment of the invention. 

Figure 14 shows a top plan view of a ^e plate in accordance with an 
embodim^t of the invention 

F^nre 15 shows a cross-sectional side view of a fece plate in accordance with 
an embodimeat of the invention. 

Figure 16 shows a cross-sectional side view of a portion of a face plate in 
accordance with an embodiment of the invention, 

DETAILED DESCRIPTION 

Referring to the drawings in detail, a representative pix>cessittg chamber 
incorporating a pumping plate in accordance vntb. the principles of the invention is 
described, in one embodiment, the piocessix^ chamber is a vapor deiwsition apparatus 
that g^eially includes an enclosure assembly having a vertically movable wafer 
support pedestal or susceptor (e.g., of a resistive heater) beneath a perforated face plate 
through which process gas enters a vacuum chamber. A pumping plate extends around 
the susceptor and discharges the process gas from the chamber into a pumping channel 
circumscribii^ the chamber. This allows the pressure drop on either side of the 
pmnping plate, including the top and the bottom of the pumping plate, to be 
substantiaUy equivalent contributing to more uniform gas flow and improved 
d^>osition umfomiily over prior art structures. 

Although file invention is described herein relative to a resistively-heated 
processing chamber (Figures 1-3), it is to be appreciated that other types of processing 
chambers may be used in conjunction with the techniques described herein. The 
invention can also be used in a variety of processing environments, including as a vapor 
deposition chamber, an etch chamber, diffusion chamber, a plasma chamber or the like. 

One sikilled in the art will appreciate that although the apparatus is described in 
terms of gas proces^ng, the invention may also be used with plasma. In this type of 
{Application, a controlled plasma may be formed adjacent to the wafer by an energy 
source such as RF energy that is ^^lied to a face plate fiom a power supply. The &oe 
plate may also have an RF electrode insulated from a chamber lid by a ceramic shield, 
while the wafer support is grounded. A power siqspiy can supply either single or mixed 
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frequency power to the face plate to enhance the decomposition of reactive species 
introduced into the processing chamber. The processing chamber is purged using a 
purge gas introduced to an inlet port or tube through the bottom wall of the enclosure 
assembly* 

Referring to the draiwings, a low pressure chemical vapor deposition (LPCVD) 
chamber is described Figures 1-3 show cross-sectiotial views of one type of reactor 
such as a resistive reactor used to practice the invention. Figures 1-3 each show cross- 
sectional views of a chamber through two different cross-sections, each cross-section 
representing a view through approximately one-half of the chamber. 

The LPCVD chamber illustrated in Figures 1-3 is constructed of materials such 
that, in this embodiment, a pressure of greater tl^m or equal to 100 Ton* can be 
maintained. For the purpose of illustration, a chamber of approximately ui the range of 
eight titers is described. Figure 1 illustrates the inside of process chamber body 45 in a 
**wafer-process" position. Figure 2 shows the same view of the chamber in a **wafer- 
separate" position. Figure 3 shows the same cross-sectional side view of the chamber 
in a "wafer-load" position. In each case, a wafer is indicated in dashed lines to indicate 
its location in the chamber. 

Figures 1'3 show chamber body 45 that defines reaction chamber 90 in v/hlch. 
the reaction between a process gas or gases and the wafer takes place (e.g;, a CVD 
reaction). Chamber body 45 is constructed, in one embodiment, of aluminum and has 
passages 55 for water to be pumped therethrough to cool chamber body 45 {e.g., a 
"cold-wair reaction chamber). Resident in chamber 90 is resistive heater 80 including, 
in this view, susceptor 5 supported by shaft 65. Susceptor 5 has a surface area 
sufficient to support a substrate such as a semiconductor wafer (shown in dashed lines). 

Process gas enters otherwise sealed chamber 90 through gas distribution port 20 
in atop surface of chamber lid 30 of chamber body 45. The process gas then goes 
through blocker plate 24 to distribute the gas about an area consistent with the sur&ce 
area of a wafer. Thereafter, the process gas is distributed through perforated face plate 
25 located, in this view, above resistive heater 80 and ooiipled to chamber lid 30 inside 
chamber 90. One objective of the combination of blocker plate 24 with face plate 25 in 
this embodiment is to create a uniform distribution of process gas at the substrate, e.g., 
wafer. 
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A substrate such as a wafer is placed in chamber 90 on susceptor 5 of heater 80 
thxt>ugh entry port 40 in a side portion of chamber body 45. To accommodate a wafer 
for processing, heater 80 is lowered so that the surface of susceptor 5 is below entry 
port 40 as shown in Figure 3. Typically by a lobotic transfer mechanism, a wafer is 
loaded by way for ^cample, a transfer blade into chamber 90 onto the superior 
surface of susceptor S. Once loaded, entry port 40 is sealed and heater 80 is advanced 
in a superior (_e.g., upward) direction toward &ce plate 2S by lifter assembly 60 that is, 
for example, a step motor. The advancement stops when the wafer is a short distance 
(e.g. , 400-700 mils) from face plate 25 (see Figure 1). In the wafer-process position, 
chamber 90 is effectively divided into two zones, a first zone above the superior surface 
of susceptor S and a second zone below the inferior surface of susceptor 5. It is 
generally desdiable to confine the film formation to the first zone. 

At this point, process gas controlled by a gas panel flows into diamber 90 
tfaiQUgh gas distnbution port 20, through blocker plate 24 and perforated &ce plate 25. 
Process gas typically reacts or contacts a wafer to form a film on the wafer. At the 
same time, an inert bottom-purge gas, e.g., nitrogen, is introduced into the second 
chamber zone to inhibit film formation in that zone. In a pressure controlled system, 
the pressure in chamber 90 is established and maintained by a pressure regulator or 
regulators coiipled to chamber 90. In one embodiment, for example, the pressure is 
established and msdntained fay baretone pressure regu]ator(s) coiqiled to chamber body 
45 as known in the art. In this embodiment, the baretone pressure r^;ulator(s) 
maintains pressure at a level of equal to or greater than 100 Toir. A suitable mid-level 
pressure range is approximately 100-300 Torr. 

Residual process gas is pumped from chamber 90 through pumping plate 85 to a 
collection vessel at a side of chamber body 45 (vacuum pumpout 31). Fimiping plate 
85 creates two flow le^ons resulting in a gas flow pattern ibat creates a uniform Si3N4 
layer on a substrate. 

Pump 32 disposed exterior to ajvparatus 2 provides vacuum pressure within 
pumping channel 4140 (below channel 414 in Figures 1-3) to draw both the process 
and purge gases out of the chamber 90 through vacuum pimip-out 3 1 , The gas is 
discharged from chamber 90 along a discharge conduit 33. The flow rate of the 
discharged gas through channel 4140 is preferably controlled by a throttle valve 34 
disposed along conduit 33. The pressure within processing chamber 90 is monitored 
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with sensors (not shown) and cx>ntroUed by varying the cross-sectional area of conduit 
33 with throttle valve 34. Preferably, a controller or processor receives signals from the 
sensors that indicate the chamber pressure and adjusts throttle valve 34 accordingly to 
maintain the desired pressure within chamber 90, A smtable throttle valve for use with 
the present invention is described in U.S. Patent No. 5,000^5 issued to Murdoch and 
assigned to Aj^lied Materials, Inc., the complete disclosure of which is incorporated 
herein by reference. 

Once wafer processing is complete, chamber 90 may be pui^ed, for example, 
with an inert gas, such as nitrogen. After processing and purging, heater 80 is advanced 
in an inferior direction {e.g., lowered) by lifter assembly 60 to the position shown in 
Figure 2. As heater 80 is moved, lift pins 95, having an end extending through 
openings or throughbores in a surface of susceptor S and a second end ext^ding in a 
cantilevered fashion from an inferior {e,g., lower) surface of susceptor 5^ contact lift 
plate 75 positioned at the base of chamber 90« As is illustrated in Figure 2, in one 
embodiment, at this point, lift plate 75 remains at a waf»-process position {Le., the 
same position the plate was in Figure 1). As heater 80 continues to move in an inferior 
direction through the action of lifter assembly 60, lift pins 95 remain stationary and 
ultimately extend above the superior or top surfece of susceptor 5 to separate a 
processed wafer from the surface of susceptor 5. The surface of susceptor 5 is moved 
to a position below opening 40. 

Once a processed wafer is separated from the surface of susceptor 5, transfer 
blade 41 of a robotic mechanism is inserted through opening 40 beneath the heads of 
lift pins 95 and a wafer supported by the lift pins. Next, lifter assembly 60 inferiorly 
moves (e.g. , lowers) heater 80 and lift plate 75 to a "wafer load" position. By moving 
lift plate 75 in an inferior direction, lift pins 95 are also moved in an inferior direction, 
until the surface of the processed wafer contacts the transfer blade. The processed 
vmfGT is then removed through entry port 40 by, for example, a robotic transfer 
mechanism that removes the wafer and transfers the wafer to the next processing step. 
A second wafer may then be loaded into chamber 90. The steps described above ace 
generally reversed to bring the wafer into a process position. A detailed description of 
one suitable lifter assembly 60 is described m U.S. Patent No. 5,772,773, assigned to 
Applied Materials, Inc., of Santa Clara, California. 
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In a high temperature operation, such as LPCVD processing to form a Si3N4 
fUm, the reaction temperature inside chamber 90 can be as high as 750°C or more. 
Accordingly, the exposed components in chamber 90 must be compatibie with such 
high temperature processing. Such materials should also be compatible with the 
process gases and other chemicals, such as cleaning chemicals (e.g.y NF3) that may be 
introduced into chamber 90. Exposed suriaoes of heater 80 may be comprised of a 
variety of materials provided that the materials are compatible with the process. For 
example, susceptor 5 and shaft 65 of heater 80 may be comprised of similar aluminum 
nitride material. Alternatively, the stuface of susceptor 5 may be comprised of high 
thermally conductive aluminum nitride material (on the order of 95% purity with a 
thermal conductivily &om 140 WAnK to 200 W/mK) wUle shaft 65 is comprised of a 
lower tfaennally conductive aluminum nitride. Susceptor 5 of heater 80 is typically 
banded to shaft 65 through diffusion bonding or brazing as such coi^Iing will similarly 
withstand the environment of chamber 90. 

Figure 1 also shows a cross-section of a portion of heater 80, including a cross- 
section of the body of susceptor 5 and a cross-section of shaft 65. In this illustration. 
Figure 1 shows the body of susceptor 5 having two heating elements formed therein, 
first heating element 50 and second heating element 57. Each heating element (e.g., 
heating element 50 and heating element 57) is made of a material with thermal 
e;q)ansion properties similar to the material of the susceptor. A suitable material 
includes molybdenum ^o). heating element includes a thin layer of 
molybdenum material in a coiled configuration. 

In Figure 1, second heating element 57 is formed in a plane of the body of 
susceptor 5 that is located inferior (relative to the surface of susceptor in the figure) to 
first heating elemem 50. First heating element 50 and second heating element 57 are 
separately coupled to power terminals. Hie power terminals extend in an inferior 
direction as conductive leads through a longimdmaUy extending opening through shaft 
65 to a power source that supplies the requisite energy to heat the sur&ce of susceptor 
5. Extending through openings in chamber lid are two pyrometers, fust pyrometer 10 
and second pyrometer 1 5. Each p5n:ometer provides data about the temperature at the 
surface of susceptor 5 (or at the surface of a wafer on susceptor 5). Also of note in the 
cross-section of heater 80 as shown in Figure 1 is the presence of thermocouple 70. 
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Thermocouple 70 extends tiirough the longitudinally extending opening through shaft 
65 to a point just below the superior or top surface of susceptor 5. 

In accordance with cme embodiment of the invention to form a Si3N4 film on a 
wafer, the gases include a canrier gas 200, a nitrogen source gas 220, and a silicon 
source gas 210. Suitable carrier gas sources include, but are not limited to, hydrogen 
(Ha), nitrogen (Na), argon (Ar), and helium (He). Suitable nitrogen source gas includes, 
but is not limited to, ammonia (NH3). Suitable silicon source gas includes, but is not 
limited to, silane, dichlorosilane, and disilene. The nitrogen source gas and the ^licon 
source gas combine to produce a SisN* layer on the wafer. 

In use, silicon source gas 210 may be mixed with earner gas 200 before or 
during introduction into ^ proces^g chamber 90. The mixture of the carrier gas and 
the silicon source gas is then introduced into gas inlet 20 of chamber 90. Nitrogen 
source gas 220 is also introduced into gas inlet 20 and allowed to mix with the mixture 
of the carrier gas and the silicon source gas. The process gas passes through the 
plurality of holes in a blocker plate 24 and then through the plurality of holes in the 
face plate 25. These gases then flow into chamber 90 wherein the gases are exposed to 
a wafer. Thereafter, the process gas exits through the pumping plate 85 into the 
pumping channel 414. 

The flow rate of the gases is dependent upon the size of semiconductor 
processing chamb^ 90. In one embodiment, the total flow rate of the gases ranges 
fiom five to fifteen liters per minute based upon a totsd elective volume of a 
processing chamber of one to nine liters. The ratio of at least one of the gases or the 
total gas flow rate relative to the diamber is 0.50 to 8 hters per minute per liter of 
chamber volume. 

Exposure of the wafer to the mixture of gases causes deposition of a silicon 
nitride (Si3N4) layer on the wafer according to thermal chemical vapor deposition 
principles. Exposure of the gases to the wafer at an elevated temperature causes 
dissociation of the molecules of the silicon source gas and the nitrogen source gas into 
smaller molecules. The smaller molecules then recombine with one another. Provided 
below is a general chemical reaction that occurs in this process. Silane geneaaUy reacts 
with ammonia according to the chemical equation 

3SiH4+4NH3 -> Si3N4+12H2 
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As a general rule, the higher the temperatxire m chamber 90, and therefore of wafer and 
susceptor, the quicker the siHcon nitride layer will form. 

In one embodiment, SilLt, NH3, and N2 are introduced with 100 standard cubic 
cendmeters per minute (seem) of SiHt, 5 standard liters minute (sbn) of NH3, and 
10 slm of N2, while wafer is heated to a ten^>erature of between 600°C and 800*'C. 
During deposition, pressure in the chamber of between 100 to 500 Torr is mmntained. 
A suitable mid4evel pressure range is greater than 100 Tonr to 350 Ton*. In one 
embodiment, the partial pressure of silane is approximately in the range of 0.05 to 5 
Torr and ammonia has a partial pressure equal to or less than 300 Torr in chamber. 
However, other partial pressures may be used for the silicon and nitrogen source gases 
which may depend upon the particular gas used. 

In another etnbodim^ gases may foe tised in tiie foUovnng proportions: SiRi: 
70 sccm» NH3: 2 slm, and N2: 8 slm. In yet another embodhnent, gases may be used in 
the following proportions: dichloro^lane (SiH2Cl2): 230 seem, NH3: 1,000 seem, and 
H2: 9,000 seem. If N2 is used as a carrier gas, a deposition rate of about 50 to 5,000 A 
per minute may be achieved at a temperature as low as 600°C. 

The above embodiment described controlling conditions in a reaction chamber 
to form a Sii^i^ film on a wafer. It is to be appreciated that such control may be done 
manually or with the aid of a system controller. In the former instance, an operator 
may monitor and adjust the power siqpply to the heater to control the temperature, and a 
vacuum source to control the pressures. The operator may also manually adjust valves 
associated with the individual gases to regulate the mixture and flow rate of the gases. 

A system controller may also be employed to handle the control tasks associated 
with system control. Figure 1 illustrates a system controller or processor coupled to a 
power supply and a gas manifold. The controller may be configured to record the 
temperature measured by the temperature indicators and control tiie power supplied to 
the heating elements based, for exms^le, on an algodlfam &at determines a relative 
value of tiie temperature difiference and adjusts the heating elements accordingly. The 
controller may also be conflguted to control the nuxture and flow of gases to the 
processing chamber. In an LPCVD reaction process, the controller may further be 
coupled to a pressure indicator that measures the pressure in the chamber as well as a 
vacuum source to adjust the pressure in the chamber. 
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The system controller is supplied with control signal generation logic. The 
controller may also be coupled to a user interface that allows an operator to enter the 
leaction parameters, such as Hie desiied reaction temperature, the acceptable tolerance 
of a temperature difference between indicators (e.g., ±3°C), the reaction pressure, and 
the flow of gases to the processing chamber. 

Control signal generation logic is supplied to the system controller in the fonn 
of» for exaanple, solftwate instruction logic that is a computer program stored in a 
computer-readable medium such as the memory of the controller. The computer 
program includes sets of instructions that dictate the timing, mixture of gases, chamber 
pressure, chamber temperature, and other parameters of a particular process. It is to be 
appreciated that other coniputer programs such as one stored on another memoiy 
de^ce, including but not limited to, a floppy disk, may also be used to operate fbe 
system, controller. 

The computer program code can be wntten in a computer-readable 
programming language such as, for example, 68000 assembly language, C, C++, 
Pascal, Fortran or others. Suitable program code is generally entered into a single file 
or multiple files using a text editor. If the entered code text is in a high level language, 
the code is compiled, and the resultant compiler code is then linked with an object code 
or precompiled object code, the system invokes the object ode, causing Ifae computer 
system to load the code in memory, from which the central processing unit veads and 
executes the code to perform the task identified in the program. 

In one a^ct of the invention, an apparatus and me&od of improving the 
imiformity of process/reactant gas distribution is described. As described above, 
process gas such as a silicon source gas and a nitrogen source gas (along with a carrier 
gas) is introduced into chamber 90 through gas distribution port 20. The process gas 
flows through blocker plate 24 and face plate 25 which create a shower-head like 
cascade of the process gas ov^ a sur&ce of a wafer on the surface of susceptor 5. As 
gas is introduced into chamber 90 gas is also removed so that a pre-determsned pressure 
may be maintained, during proces^g. In the configuration of Has chamber shown in 
Figures 1-3, gas is removed £nom a side of the chamber, e.g., pumped out at one side 
designated vacuum pump-out 31. In prior art systems, the asymmettical removal of 
gases fi-om one side of the chamber created pressure differences in the chamber; for 
example, a pressure measured at a point in ^e chamber nearer a chamber pump-out 
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was different (e.g:, less) 1hsai a pressure measured at a point distant from the pump-out 
The pressure difference contributed to non-uniformity of deposition of a film on a 
wafer. 

In one embodiment of the invention, a pimiping plate is provided to direct the 
flow of gases in the chamber. The pumping plate of the invention defines two gas flow 
regions: a first flow region of process gases directed at a wafer on the sur&ce of 
susceptor 5 and a second flow le^on defined by a radial channel about the pumping 
plate of gases primarily to be discharged from the chamber. By creating the two 
regions, a more uniform pressure may be maintained in the chamber. The invention 
contemplates that a static pressure difference between the two flow regions can be 
established throughout the chamber contributiag to more uniform deposition of fihns 
across a wafer. 

Referring to Figures 4 through 10, components of the invention utilized to 
coordinate a uniform flow of process gas m the chamber will now be described in detail 
relative to tiieir use in Has resistively-heated processix^ chamber described in Figures t 
tbrou^ 3, Figure 4 shows a schematic cross-sectional side view of a portion of a 
processing chamber. Figure 4 illustrates a portion of a chamber in a position through a 
single cross-section to Uiustrate the two gas flow regions. The cross-section is through 
a center axis of the chamber to illustrate the location of susceptor 5 relative to pumping 
plate 8S. In the wafer-process position, a pardon of susceptor 5 sits within an annular 
opening of pimiping plate 85 (a portion of pumping plate 85 surrounding suscq[>tor 5 is 
cut-away in this cross-secdon). 

As seen in the iUustmtion in Figure 4, pumping plate 85 rests on inner chamber 
portion 41 of chamber wall 45. An underside of pumping plate 85 and inner chamber 
portion 41 defines channel 4140 extending circxmiferentially around the chamber. 
Channel 4140 does not extend completely around the chamber as a portion of a similar 
chamber area is utilized by entry port 40 to load and remove a waf^. In one 
embodiment, diiamiel 4140 extends approximately 270*^ around the chamber. Vacuum 
pump-out 31 is linked to channel 4140 to discharge gases finm the chamber. 

As shown in Figure 4, pumpii^ plate 85 includes (in this view) a vertical 
annular first stepped portion 464 that forms a circumferential edge of a longitudinal or 
vertical wall to face plate 25. Second stepped portion 466 comprises a lateral portion 
that protrudes &om the circumferential edge. Together, first stepped portion 464 and 
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second stepped poition 466 define channel 414 between face plate 25, chamber wall 40 
and pumping plate 85. The vertical wall separates first flow region 1 000 where process 
gas is directed at a wafer (to be seated in wafer pocket 6 of susceptor 5) &om second 
region 1010 where gas is discharged from the chamber. Gas fiom first flow region 
1000 ^ters second flow region 1010 through ciFcumferentiaUy located holes (gas holes 
490) extending around first portion 464 of ptmipii^ plate 85 . The flow of gas in 
second flow region 1010 is radial and second flow re^on 1010 commumcates with 
channel 4140 to remove gas fiom the chamber. 

Figures 5 and 6 show schematic views of the general flow direction of process 
gases through the chamber. Figure 5 is a cioss-section through the chamber that shows 
pumping plate S5 surrounding a portion of susceptor 5. In Figure 5, process gas is 
illustrated entering through the gas inlet of the chamber and passing through blocking 
plate 24 and face plate 25. In first flow region 1000, process gas arrives at the sur&ce 
of susceptor 5 to react with a wafer in pocket 6 of susceptor 5 and form a film o^ for 
example, Si3N4 or other desired material (e.gi, SiOa, polysiHcon, etc.). Residual 
process gas as well as bottom purge gas 1030 is directed to second flow region 1010 to 
be discharged from the chamber. Gas enters second flow region 1010 by gas holes 490 
circumferentially spaced around pumping plate 85. In this embodiment, the gas holes 
490 ate portioned to be above the top surface of a wafer on susceptor 5 during 
proces^ng. In general, gas holes 490 are positioned at least at tiie level of a wafer or 
above the wafer when the heater is m the "wafer process" position. 

Figure 6 furdier shows the process flow of gas entering and exiting pumping 
plate 85. Figure 6 is a top perspective view without the resistive heater, the chamber 
lid, blocking plate, and face plate. Figure 6 shows generally U-shaped pumping 
channel 414 that substantially surrounds a susceptor and defines second flow region 
1010. RadiaUy oriented gas holes 490 are portioned around the entire perimeter of the 
pun^nng plate and commumcate vnth pmnping channel 414. Gas holes 490 in the side 
wall of pumping plate 85 allow gas to flow horizontally info pumfnng channel 414. 
Pumping channel 414 communicates witii channel 4140 through two large openings in 
channel 414; openings defined by the absence of sections of lateral second stepped 
portion 466 of pumping plate 85. Second stepped portion 466 is comprised of two 
flange portions (see Figure 7). One flange portion isolates channel 414 from entry port 
40 while a second flange portion separates channel 414 iirom a region of chaimel 4140 
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occupied by vacvi\im pump-otit 3 1 . Configuring the flange portions in this manner 
helps to maintain a uniform pressure in channel 414. 

Gas holes 490 in first stepped portion 464 of pumping plate 85 are shown in 
Figure 6 substantially evenly spaced apart fiom one another. Additionally, the gas 
holes are generally centered in jEust stepped portion 464 of pumping plate 85. The 
placement of gas holes 498 in the side wall of pumping plate 85 and the division of first 
flow region 1000 and second flow region 1 010 creates a consistent pressure difference 
between first flow region 1000 and second flow region 1010. This feature allows the 
gas flow within the chamber to be more uniform than prior art configurations. In the 
prior art, a pimiping plate had varying pressure differentials at various points along the 
pumping plate which resulted in non-uniform gas flow regions. 

Figures 7-12 illustrate different views of an embodfonent, or a portion of an 
embodiment, of a pumpmg plate of tiie invention. Figure 7 illustrates a perspective top 
view, Figure 8 a planar ^de view. Figure 9 a planar top view, and Figure 10 a planar 
bottom view. Figures 11-12 show portions of the pumping plate to more clearly 
describe certain features. 

Pumping plate 85 comprises generally annular member 460. In one 
ethbodiment, member 460 is an integral piece comprising a process compatible metal, 
such as aluminum alloy or preferably C275 aluminum alloy, that will be suitably 
shaped to fit within a particular semiconductor processing chamber. C275 aluminum 
alloy is commercially available fixnn Alcoa Advanced Technologies of Ei^elwood, 
Colorado. Although member 460 is prefembly constructed of a single integral piece of 
metal with different portions of member 460, the pumping plate 85 may be comprised 
of pieces connected or coupled together. 

In the specific configuration described herein, member 460 includes first 
stepped portion 464, second stepped portion 466, and third stepped portion 468. First 
stepped portion 464 forms a vertical side wall to define channel 414 and separate 
second flow region 1010 fix>m first flow r^ion 1000. Second stepped portion 466 
defines the lateral portion or floor of pumping channel 414. Third stepped portion 468 
serves to align pmnping plate 85 in a predetermined position within a processing 
chamber. 

In the eight liter processing chamber described with reference to Figures 1-3, 
the thickness of first stepped portion 468 ranges firom approximately 0.06 inches to 
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0. 1 0 inches and is preferably 0.06 inches. With reference to Figures 8«9, inner 
diameter ID^o of second stepped portion 466 is, for example, 9.572 inches, and the 
outer diameter ODio is, for example, 1 1 .25 inches. Inner diameter IDio of second 
stepped portion 466 is slightly larger than the diameter of susceptor 5 so that susceptor 
S will fit within the opening in annular member 460 of pumping plate 85. In one 
embodiment, there is approximately 0.12 to 0.18 inches spacing between susceptor 5 
and second stepped portion 466. ID20 of first stepped portion 464 is 10.4 inches. OP20 
of first stepped portion 464 is 10.9 inches. As shown in Figure 11, height 488 of 
pumping plate 85 in this embodiment is 1.20 inches. The distance between base 489 of 
the pumping plate (the base of third stepped portion 468) and the central point of gas 
hole 490 extending through the first stepped portion 464 is 0.728 inches. 

Second stepped portion 466 comprises two flange portions which extend the 
outside diamet^ fix>m ODio to ODu. ODu ranges firom a diameter of 12.93 inches. 
Each flange portion has an area in proportion to an arc defined between two radii of 
first and second portion of annular member 460, respectively. Figure 9 shows each 
fimige with a bi-section having an area in proportion to an arc of 55°. 

The flange portions of second stepped portion 466 (te., the lateral portions) 
define the base of channel 414 and second flow region 1010. Between each fiange 
portion are provided openings to channel 4140 and vacuum pump-out 31 . In one 
embodiment, an area between flange portions is in proportion to an arc of 70^. 

As illustrated by the bottom plan view of Figure 10, third stepped portion 
creates a seat for pumping plate 8S to rest on inner daamber portion 41 . In this 
embodiment, third stepped portion 468 includes a single lip portion coinciding with an 
area simile to an area of one of the flange portions of second stepped portion 466. The 
lip portion serves, in one aspect, to orient pumping plate 85 in the chamber. 

The diameters of the first, second, and third stepped portions of the pumping 
plate will depend on the characteristics of the individual deposition apparatus, such as 
the diameter of the perforated &ce plate 25, tiie ractial distance between punqnng 
channel 414 and chamber 90, the height of susceptor 5 (tc, the axial distance between 
channel 414 and chamber 90), and the diameter of the susceptor 5. 

Pumping plate 85 comprises a plurality of gas holes 490 through the side wall 
of first stepped portion 464 that communicate first flow region 1000 with channel 414 
and second flow region 1010. In one embodiment, forty-eight gas holes 490 are 
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located in pumping plate 85. As shown in particular in Figures 7-8, gas holes 490 are 
circumferentially ^aced around annular opening 462 of body member 460 to 
:&cilitate uniform discharge of process gas through gas holes 490. In one 
configuration, one gas hole 490 is spaced a distance of 7^" fiom another gas hole 490. 
Figure 11 shows a magnified side plan view of a portion of pumping plate S5. Figure 
12 shows a magnified plan view of one gas hole. Figure 12 shows gas holes 490 
having concave sidewalls so that their outer diasnet^ 496 is larger than their inner 
diameter 494 at both the inlet and the outlet of the gas hole. The concave sidewalls are 
preferably smooth to reduce the creation of turbulence of the gas that might contribute 
to non-uniform gas flow. The concave shape of gas holes 490 also serves to restrict 
the flow through each particular gas hole which contributes to increased uniformity of 
flow through ail of the gas holes. As seen in Figures 11-12, gas holes 490 extend 
substantially straight through pumpii:^ plate 85. In one embodiment, gas holes 490 
have a diameter approximately in the range of 0.120 to 0.130 inches and more 
preferably in ihe range of 0.122 to 0.125 inches. 

Process gas enters the processing chamber through relatively narrow gas 
distribution port 20 (Figures 1-3). To distribute the process gas evenly, the processing 
chamber of the invention is equipped with blocker plate 24 and face plate 25. Figure 
13 shows a top plan view of blocker plate 24. Blocker plate 24 is substantially circular 
in ^laapG and is oouqpled to chamber lid 30 through the circumferentially-aiTanged 
&sti»m% holes. Blocks plate 24 has tiuough holes 23 for coupling blocker plate 24 to 
perforated face plate 25 . In an embodunent statable for the eight liter processing 
chamber described with reference to Figures 1-3, blocker plate 24 has approximately 
1,122 through holes 23 having a diameter in the range of 0.010 inches to 0-020 inches 
and preferably in the range of 0.014 inches to 0.016 inches. Through holes 23 are 
arranged, in this embodiment, in a generally circular pattern. Blocker plate 24 has a 
thickness proximately in the range of 0. 1 80 to ^proximatety 0. 1 90 inches. 
Preferably, the thickness of blocker plate 24 is 0.1 85 inches. Blocker plate 24 assists in 
creating a uniform flow of gas in chamber body 45 by {qsreading the relatively narrow 
stream of process gas through gas distribution port 20 over the area of blocker plate 24. 

Figures 14-15 show atop and side plan view, respectively of face plate 25. 
Figure 16 shows a cross-sectional side plan view of a portion of face plate 25. Face 
plate 25 is circular in shape. Face plate 25 serves in one aspect to assist in the uniform 
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distribution of process gas over a wafer. Process gas already redistributed to the 
circumferentiai area of blocker plate 24 is further restricted as the gas contacts face 
plate 25. In one embodiment, through holes in face plate 25 have a similar diameter as 
through holes in blocker plate 24. 

Face plate 25 is substantially circular in shape and is coiq>]ed to chamber lid 30 
through ciFCunxferentially-arranged ^ening holes 26. Though holes 27 in the central 
portion of the face plate 25 extend through &ce plate 25. In the embodiment of an eight 
liter processing chamber described above, the inner diameter of a perforated face plate 
may range from approximately 9,10 to 9.30 inches and an outer diameter that may 
range from approximately 10.7 to 10.10 inches of perforated face plate 25. Face plate 
25 includes two stepped portions. A thickness of exterior portion 31 to couple face 
plate 25 to a chamber is approximately 0.800 inches while the iimer portion 32 having 
through holes 27 is approximately 0.400 indies. 

In one embodiment, though holes 27 in the inlet side of perforated £u:e plate 25 
have a larger diameter than the outlet side where the process gas enters the reaction 
portion of the chamber. One reason for this is mechanical constraints of forming 
appropriate diameter through holes in the material, e.g., damaging drill bits. Figures 
16 shows the difference in diameters between the inlets and outlets of through holes 27 
in perforated face plate 25. Inlet 2SA to each duroi^ hole Qgas mlets are located at the 
siiqj^or side of perforated i^ce plate 25 adjacent to blocker plate 24) has a diameter of 
about 0.62 inches which is larger than outlet diameter 28B of 0.016 inches. The depth 
of the gas hole is approximately 0.400 inches. The smaller diameter opening has a 
length (num^cally represented by refer^ice numeral 29) of approximately 0.030 
inches. 

The method for processing a semiconductor wafer according to the invention 
will now be described. Wafer is first positioned onto the upper surface of susceptor 5 
with a support blade (not shown) of the robotic wafer transfer system. Suscept(»r 5 is 
raised into the upper processing position vnthin process chamber 45 via conventional 
means, such as a l:i^draulic lift, so tiiat wafer resides within central opening of plate 85. 
Chamber 45 is &en evacuated to a suitable vacuum pressure, while the wafer and 
susceptor 5 are suitably heated. Process gases, such as SiHj and NH3, are mixed in a 
chamber of a manifold head (not shown) and introduced through inlet 20 through 
blocker plate 24 and distributed uniformly over wafer via perforated face plate 25. 
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Depending on the particular process, the process gas will contact the wafer and &>rm a 
fihn, such as an oxide or nitride film. 

During the deposition process, pump 32 is activated to generate vacuum 
pressure within pumping channel 414, thereby drawing the process gases and/or plasma 
residue out of processing chamber 90 through gas boles 490 of punq>mg plate 85. In 
addition, purge gas (bottom purge gas) 1 030 such as nitrogen may be directed through 
inlet 18 and into processing chamber 90 through the gap between susceptor and 
pumping plate 85. The purge gas minimizes leakage of process gas into the lower 
portion of the chamber. The residual gas and purge gas flow uniformly into gas holes 
490 and into pumping channel 414. The exiting gases are dischai^ed through vacuum 
pumpout 31 and discharged along line 33. 

Pumpuoig plate S5 separates fbe gas flow into two flow regions: a first fiow 
region 1000 directed at the surface of susceptor 5 (or a wafer on susceptor 5) and a 
second flow region 1010 in channel 414 and in communication with channel 4140. In 
one aspect, the invention contemplates ttiat a pressure difference between a pressure 
measured in first flow region and a pressure measured in second flow region 1030 will 
be similar at all points around the chamber. The consistent pressure difference 
contributes to a unifozm fiow of gas throi^ the diamber and a more uniform fihn 
deposition on a wafer. By operating in ranges of chamber pressure greater than 1 00 
Ton, the process offers greater fiexibilily in deposition rate and a reduction in 
temperature sensitivity across the wafer than prior processes operating in raises of less 
than 100 Torr. The reduction in temperature sensitivity yields a more uniform film 
deposition across a wafer than prior art processes. 

While the above is a description of the specific embodiments, various 
modifications, alternative constmctions and equivalents may be used. For example, 
altho\^ the Invention was descnbed in detml wiffa respect to a Si3N4 film deposition 
process, the mvention is suitable for other depodtion process, uicluding but not limited 
to Si02 and polysilicon. In addition, although the invention is shown and described as 
a CVD reactor in, for example, a multi-chamber proces^ng system, it not intended to 
be limited in this manner. That is, the invention can be used in a variety of processing 
chambers, such as chemical or physical vapor deposition chambers, or cooling 
chambers to, for example, cool the wafer after high temperature processing. It should 
be further noted that the invention is not limited to a single wafer chamber as described 
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above and shown in the enclosed drawings. For example, the pumping plate could be 
installed into batch chambers that simultaneously perform processing on a plurality of 
wafers. In addition, the invention is suitable for use in a multi- wafer chamber that 
sequentially performs individtial processing steps on each of the wafers. 
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CLAIMS 

What is claimed is: 

1 . An apparatus composing: 

a pumping plate for a processing chamber having an annular body member 
wherein said body member has a first portion and a second portion, and a third portion 
definiiLg a circumferential edge and a central opening, 

vs^erein fhe first portion comprises a sidewall of fhe dicumferential edge 
having a pluralityr of drcumfercntially spaced through holes and the second portion has 
comprises a latetal portion that protrudes from the cixcumfexential edge, such that, in a 
processing chamber, the first portion defines a first region comprising the central 
opening and a second region comprising the lateral portion of the second portion. 

2. The pumping plate of claim 1 , wherein the gas holes in the first portion are 
substantially ansmged symmetrically about an axis. 

3. The pxmiping plate of claim 1 , wherein the second stepped portion comprises 
two lateral flanges, each lateral flange having an area in proportion to an arc defined 
between two radii on the annular body member. 

4. The pumping plate of claim 1 , wherein the sidewall of the first portion is 
adapted to separate the first region firom the second region such that the two regions 
commmiicate through the through holes. 

5. The pumping plate of claim 2, wherein the first portion comprises 48 through 
holes. 

6. An apparatus for fabricating an integrated circuit device comprising! 

an enclosiire housing a processing chamber, the enclosure defining a gas inlet in 
communication with the processing chamber for receiving processing gas and a ^s 
outlet for discharging the processing gas; 

a suscqptor diqx>sed within the processing chamber for supportmg a wafer 
thereon; and 

a pumi»ng plate having an annular body with an opemng therethrough with a 
longitudinal component and a lateral component extending away &om the opening and 
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having a plurality of through holes circumferentially spaced about an axis along 
longitudinal component, 

wherein the pumping plate is displaced in the chamber such that an area through 
the opemi^ in the punning plate defmes a first flow region over a sur&ce of tiie 
susceptor and the longitudinal conq;>onent and the wall of the chamber define a channel 
of a second flow region. 

7. The apparatus of claim 6, wherein the chaimel communicates with the gas outlet 
through &e holes in the pumping plate and a pump for drawing gas from the processing 
chamber, the punq>ing channel being (tisposed radially outward fmm the proces^g 
chamber and the susceptor. 

8. The apparatus of claim 6, wherein the gas inlet is configured about a superior 
surface of the chamber and the pump is configured about one side surface of the 
chamber. 

9. The apparatus of claim 6, wherein the enclosure has a si:^>^or surfece that 
defines a superior surface of the chamber, the gas inlet communicating with the 
chamber through the superior surface, the apparatus fiirther comprising: 

a source plate coupled adjacent the superior surface and having a perforated 
area conesponding with the area defined by the opening in the axmular body of the 
pumping plate. 

10. The ^paratus of claim 9, wherein the source plate is a first source plate ha^nng 
a first surface adjacent the superior surface of the chamber and an opposing second 
surface, the apparatus further comprising a second source plate coupled adjacent the 
second surface of the first source plate, the second source plate having a perforated area 
corresponding with the area defined by the opening in the annular body of the pumping 
plate, 

M^erein openings of the jjeifoiated area of the second source plate comprise a 
smaller diameter than openings of the perforated area of the first source plate. 
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1 1 - The apparatus of claim 1 0, wherein the second soiirce plate has a first surface 
adjacent the second surface of first source plate and an opposing second surface and 
fhe openings of the perfoiated area of ibsi second source plate have a first diameter 
about the first surfitce and a second diameter about the second sur&ce. 

12. A method for directing gas flow through a processing chamber comprising: 
introducing a supply of first gas through holes in a perforated i^ce plate to form 

a first linear flow region over a wafer within the processing chambei^ 

distributing a second gas in fhe i»:ocessing chamber radially about a second 

portion of the processing chamber to form a second flow region; and 

establishing a static pressure difference between the first flow region and the 

second flow region throughout the chamber. 

13. The method of claim 12, wherein the distributing of the second gas comprises 
distributii^ the second gas through a amiularly shaped pumping plate surrounduig the 
wafer displaced in the chamber to define a radially disposed channel between the 
pumping plate and a wall of the chamber and delivering the gas in the first flow region 
through circumferentially spaced holes in fhe annularly shaped piunping plate. 

14. A method of &bricating an integrated circuit device comprising: 
loading a wafer onto a susceptor within a processing chamber; 
introducing a supply of gas through a gas inlet, directing gas through a blocker 

plate and a perforated face plate to form a first flow region over the wafer; 

distributing the gas into a pumping plate circumscribing the wafer, the pumping 
plate having an annular body with an opening therethroi^ with a longitudinal 
component and a lateral component extending away fit>m the opening and having a 
plurality of through holes circumferentially i^aced about an axis along longitudinal 
component, 

wherdntfae piumping plate is displaced in the chamber such that the longitudinal 
component and the wall of fhe chamber define a channel of a second flow region. 

15. The method of claim 14, further comprising establishing a static pressure 
difference between the first flow region and the second flow region throughout the 
chamber. 
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Fig. 5 
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Fig. 7 
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Fig. 13 
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fig- 16 



